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(54) Title: DEVICE AND METHOD RELATING TO A PRES SURE-REGULATING VALVE 

(57) Abstract 

The invention relates to a method and a device for a 
valve for pressure regulation of steam, said valve including a 
steam plug (2) with bores (4) in its skirt (3), said bores being 
| successively exposed as the valve is opened for achieving 
the regulated passage of the steam through the valve (1), and 
a water injection arrangement (5) situated downstream the 
I steam plug (2) for temperature control of the steam. The 
water injection arrangement (5) is provided with at least 
! one atomizing nozzle (7) for use from small openings of 
j the valve (1), said nozzle (7) being connected to at least 
one feed means (9) for feeding auxiliary steam from the 
high pressure side (13) of the valve (1) in order to vaporize 
| the water, said means (9) having its inlet in the area of the 
sealing surface (8) of the steam plug, such that the inlet 
will be shut off when the valve is closed. According to the 
inventive method, auxiliary steam is taken from the high 
I pressure side (13) of the valve, said steam vaporizing the 
water used for temperature control of the steam amount 
I regulated by means of the valve. 
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Device and method relating to a pressure- 
regulating valve 


10 


The present invention relates to a device and a method 
for a valve intended for pressure and temperature 
regulation of steam, said device comprising a plug with 
a skirt provided with drilled holes, such that, as the 
plug is caused to rise, the holes are successively 
exposed for the regulated passage of the steam through 
the valve, and a water-injection arrangement situated 
downstream of the plug for temperature control of the 
steam. 


Valves of the above-mentioned type commonly used on the 
15 market regulate steam pressure by the plug being lift- 
ed, thereby exposing drilled holes in its skirt simul- 
taneously as the valve controls the temperature of the 
steam by water being injected downstream of the plug 
with the aid of a separate system. This standard solu- 
20 tion functions at a low steam velocity in the valve 

outlet down to about 8 ro/s but this has been found to 
be a great limitation, since in some cases plants have 
to work with small steam amounts giving low velocities. 

25 The purpose of the present invention is to provide a 
device and a method for a valve of the kind mentioned 
above, the drawbacks existing with the above-mentioned, 
previously known arrangements being eliminated. Accord- 
ing to the invention, both pressure regulation and 
30 temperature control of the steam can be provided at low 
steam velocities. The characterizing features of the 
invention are stated in the accompanying claims. 

Thanks to the invention, a device and a method for a 
35 valve of the above-mentioned type has been provided, 
which fulfil their purposes in an excellent manner, 
while the device is cheap to manufacture. By means of 
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the device and the method according to the invention a 
solution has been proposed, where the water can be 
vaporized with the aid of auxiliary steam taken from 
the high pressure side of the valve* From here the 
5 auxiliary steam is regulated by means of the steam plug 
in the area of its sealing surface, whereby the plug 
during its opening phase exposes feed means for the 
auxiliary steam for feeding it to at least one special 
atomizing nozzle, which is provided downstream of the 
10 plug and in which vaporization of the water takes place 
for temperature control of the low-velocity regulated 
steam. According to the invention, auxiliary steam can 
also be fed from the area of the sealing surface of the 
steam plug upwards through channels in the plug and 
15 further through a piping system to the atomizing nozzle 
or nozzles. When the valve is closed, the plug func- 
tions as a sealing means for this arrangement, since 
its sealing surface is then enveloped by its seal, thus 
closing off the distribution channels for the auxiliary 
20 steam, and when the plant is used the plug is lifted by 
means of an actuator for exposing the channels distri- 
buting the auxiliary steam, which can then pass to the 
place for injection via the atomizing nozzles on the 
outlet side of the valve. In accordance with the inven- 
25 tion, this arrangement eliminates a separate, outer 
shut-off valve, which has otherwise been necessary. 

The invention will now be described below in more 
detail with the aid of some embodiments and with refer- 
30 ence to the enclosed drawings, on which 

Fig. 1 shows a schematic, cross-sectional view through 
a first embodiment of a pressure-regulating valve in 
accordance with the present invention, this valve 
35 including a partly "balanced" steam plug, 
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Fig. 2 shows., like Fig. 1, a schematic, cross-sectional 
view of a second embodiment of the valve in accordance 
with the invention, said valve including an entirely 
"balanced" steam plug, 

Fig. 3 shows, like Figs. 1 and 2, a schematic, cross- 
sectional view through a third embodiment of the valve 
in accordance with the invention, said valve comprising 
an entirely "tight" steam plug, 

Fig. 4 shows a schematic side view of the device illu- 
strated in Fig. 1 in an enlarged, partial view, and 
from which it will be seen how the sealing of the 
atomizing steam by means of the steam plug takes place. 


15 


Fig. 5 shows an enlarged, partial side view of the 
valve illustrated in Fig. 1 and more, precisely how the 
atomizing steam is distributed through the steam plug 
and further towards the conduit feeding the steam to 
20 the atomizing nozzles, and 

Fig. 6 shows an enlarged side view in section of an 
atomizing nozzle, in which temperature-controlling 
water is vaporized by means of the auxiliary steam. 


25 


30 


As appears in more detail from Fig. 1 and from partial 
enlargements thereof according to Figs. 4, 5 and 6, all 
these views illustrate a first, preferred embodiment of 
the invention, which consists of a valve 1 for the 
pressure regulation of steam and includes a steam plug 
2 with a skirt 3 provided with bores 4 , which are 
successively exposed as the valve is opened for regu- 
lating the passage of steam through the valve 1. The 
valve 1 also includes a water injection arrangement 5, 
35 situated downstream of the steam plug 2 for regulating 
steam temperature. As appears from Fig. 1, the water 
injection arrangement 5 comprises both ordinary nozzles 
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6 for injecting water for temperature control and at 
least one atomizing nozzle 7 for vaporizing this wat r. 
by means of auxiliary steam, said nozzles 6, 7 being 
fed with water via conduits 24 and at least one connec- 
b ting means 25. For small openings of the valve 1, i.e. 
when the regulated steam has low velocity and small 
steam quantity and when the velocity of steam at the 
outlet usually may be below about 8 m/s, the mentioned 
auxiliary steam is fed from the high pressure side 13 
10 of valve 1 from the sealing surface 8 of the plug 2, 
such that this steam can be shut off by means of the 
plug 2 when the valve 1 is closed. The valve is provid- 
ed with at least one means 9 for feeding auxiliary 
steam through the steam plug to the atomizing nozzle 7. 
15 The feed means 9 thus includes an inlet 21 opening out 
in the sealing surface 8 of the plug 2, and the inlet 
being shut off when the plug is in its position corres- 
ponding to the "valve closed" state. In the atomizing 
nozzle 7 the water used in this case for cooling the 
20 steam is disintegrated by the auxiliary steam, very 

effective cooling of the regulated steam being achiev- 
ed. With previously known arrangements, where this type 
of atomizing nozzle is not used, but only ordinary 
nozzles 6, erosion is caused in the system at low, 
25 regulated steam velocities by the cooling water not 
being disintegrated by the regulated steam, which is 
normally the case at high steam velocities but immerges 
at the outlet, of the valve as water droplets, which 
fall against the wall of the outlet conduit and can 
30 then not be vaporized. 

According to a first embodiment of the invention illu- 
strated in Fig. 1 the feed means 9 for the auxiliary 
steam includes at least two distribution ducts 10 
35 extending from outlets 21 up through the plug 2 close 
to its circumference, said ducts 10 being, via a cham- 
ber 15 above the plug, in communication with Conduits 
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11 connected to the atomizing nozzle 7 at the injection 
place 12 on the outlet side 14 of the valve 1, on which 
side a silencer 22 is also arranged. As will appear in 
more detail from Fig. 4, for a closed valve state the 
5 sealing surface 8 of the steam plug 2 contains the 

mouth of the inlet 21 for the auxiliary steam conducted 
by the feed means 9. By this arrangement a "partly 
balanced" steam plug is obtained. When the valve is put 
into operation the plug 2 is lifted by art actuator 17, 
10 and the steam inlets 21 are exposed, thus enabling the 
steam to pass via the ducts 10 towards the injection 
place 12 at the outlet side 14 of the valve. According 
to this arrangement pressure is built up in the en- 
closed volume forming the transport path of the auxili- 
15 ary steam. This means that a larger operating force is 
required for setting the valve than according to an 
arrangement, where the plug 2 is balanced. 


20 


An entirely "balanced" steam plug 2 will be seen from 
the embodiment illustrated in Fig. 2. Here, sealing off 
the auxiliary steam takes place in the same manner as 
with the arrangement illustrated in Fig. 1 and describ- 
ed above. However, distribution of the auxiliary steam 
takes place in a different way, so that the enclosed 
25 volume above the upper side 16 of the plug 2 can be 
balanced out by means of ducts 18 passing straight 
through the plug 2 . This means that a smaller operating 
force is required than with the embodiment first de- 
scribed. Distribution of the auxiliary steam according 
to this embodiment takes place with the aid of a chan- 
nel 20 provided centrally through the plug and its , 
actuator spindle, and opening out above the chamber via 
an upper part 23 of the actuator 17. The chamber 15 is 
in constant communication with the downstream side 19 
35 of the plug 2 by means of at least one elongated open- 
ing constituting said centrally situated channel 20. 
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The embodiment illustrated in Fig. 3 relates to an 
entirely "tight" steam plug 2, although sealing and 
distribution of the auxiliary steam take place in 
exactly the same manner as described above in connec- 
5 tion with the embodiment illustrated in Fig. 2. The 

enclosed volume above the upper side 16 of the plug 2 
is, however, not connected to any outlet to the down- 
stream side 19, i.e. there can be no steam leakage to 
the downstream side. 

L0 

In Fig. 6 there is shown en enlarged, cross-sectional 
view of an atomizing nozzle 7 used with the valve 
according to the invention. By using this atomizing 
nozzle there is obtained effective temperature control 
15 of the steam regulated by the valve 1, even for small 
steam velocities and small steam quantities. Just 
outside this nozzle the water used for steam tempera- 
ture control is disintegrated by the auxiliary steam 
fed to the nozzle from the high pressure side of the 
20 valve. In the Figure arrows are used to show the paths 
of temperature-controlling water and auxiliary steam 
through the valve. 

According to the inventive method, at pressure regula- 
25 tion and simultaneous temperature control of the steam 
through the valve, when it operates with small steam 
quantities and velocities, there is obtained very 
effective temperature control of the regulated steam. 
This is enabled since, for small openings of the valve, 
30 where the velocity of the regulated steam at the outlet 
of the valve is below about 8 m/s, the auxiliary steam 
is. taken from the high pressure side of the valve and 
used for vaporization of the temperature-controlling 
water, the supply of auxiliary steam being regulated 
35 with the aid of the plug 2, such that feed means 9 in 
the area of the plug sealing surface 8 are exposed 
during the opening phase of the valve. The means 9 thus 
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allows the auxiliary steam to pass when the plug mov s 
from its sealed position so that steam can be fed to at 
least one atomizing nozzle 7, for vaporization of the 
temperature-controlling water, thus to obtain very 
effective cooling of the regulated steam. 


gSDOCID: <WO 97033 13A1 J_> 


WO 97/03313 


8 


PCT/SE96/00922 


Claims 

1. A device for a valve intended for pressure regula- 
tion of steam and including a steam plug (2) with bores 
5 (4), which are successively exposed as the plug is 
lifted, such as to permit the regulated passage of 
steam through the valve (1) , and a water injection 
arrangement (5) situated downstream of the plug (2) for 
temperature control of the steam, characterized in that 
10 the water injection arrangement (5) is provided with at 
least one atomizing nozzle (7) for use with small 
openings of the valve (1), said nozzle (7) being con- 
nected to at least one feed means (9) for auxiliary 
steam from the high pressure side (13) of the valve (1) 
15 in order to vaporize the temperature-controlling water, 
said feed means (9) having its inlet in the area of the 
sealing surface (8) of the plug and can be shut off by 
means of the steam plug (2) when the valve is closed. 

20 2. Device according to claim 1, characterized in that 
the sealing surface (8) of the steam plug (2) contains 
the inlet of the feed means (9) for the auxiliary 
steam. 

25 3. Device according to claim 1 or 2, characterized in 
that the feed means (9) for the auxiliary steam com- 
prises distribution ducts (10) extending through the 
plug (2) , said ducts being in communication with con- 
duits (11) connected to the atomizing nozzle (7) at the 

30 injection place (12) on the outlet side (14) of the 
valve (1) . 

4. Device according to any one of the preceding 
claims, characterized in that at least two atomizing 
35 valves (7) are arranged at the outlet side (14) of the 
valve (1) • 
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5. Device according to any one of the preceding 
claims, characterized in that the distribution <*£ 
auxiliary steam takes place through at least two ducts 
(10), extending through the steam plug (2) and being 
arranged just inside the envelope surface of the plug 
(2) for communication with the conduits (11), via a 
chamber (15) above the upper side (16) of the plug, 
leading to the atomizing nozzle (7) , whereby the plug 
(2) is partly balanced. 


6. Device according to any one of the preceding 
claims, characterized in that the distribution of the 
auxiliary steam takes place through a channel (20) 
centrally arranged through the plug and its actuator 
15 (17), said channel communicating with the conduits (11) 
leading to the atomizing nozzle (7) above the space 
(15) on the upper side (16) of the plug (2) via an 
upper part of the actuator (17) and said space above 
the plug (2) being in constant connection with the 
20 downstream side (19) of the plug (2) by means of at 

least one through opening (18) , whereby the steam plug 
(2) is entirely balanced. 

7 . Device according to claim 6, characterized in that 
25 the space above the plug (2) does not have any connec- 
tion to the downstream side (19) of the plug (2) , 
whereby the steam plug (2) enables a tight valve. 

8. Method for pressure regulation of steam in a valve 
30 and simultaneous temperature regulation of said steam, 
when the valve operates with small steam amounts and 
small steam velocities, said valve (1) comprising a 
steam plug (2) with bores (4) , which are successively 
exposed as the valve is opened in order to regulate the 
35 steam, said temperature control taking place by water 
being injected downstream of the steam plug, charac- 
terized in that auxiliary steam is used for vapor iza- 
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tion of the temperature-controlling water, downstream 
of the plug, said auxiliary steam being taken from the 
high pressure side (13) of the valve (1) and regulated 
with the aid of the steam plug (2) in the area of its 
5 sealing surface (8) , where the plug (2) during its 

opening phase exposes at least one feed means (9) for 
the auxiliary steam, such as to enable feeding this 
steam to at least one atomizing nozzle (7), for the 
vaporization of the temperature-controlling water. 
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SPECIFICATION 65 
Low Noise Valve 

The present invention relates to a low noise 
valve, for example a pressure-reducing valve 
5 especially useful in high pressure applications and 
in applications where smooth fluid flow 
characteristics are required. Unless special design 
features are incorporated to gradually reduce the 
pressure in a liquid or vapor system, several 
1 0 undesirable conditions may occur. As the 

pressure of a liquid suddenly is reduced, the liquid 
may cavitate, or vaporize. Later, the liquid may 
recondense inducing damaging Shockwaves, 
noise and excessive valve erosion. Similarly, as 
1 5 the pressure of a gas is reduced, the gas will 

expand thereby increasing the gas velocity. If the 
velocity of the expanding gas is not controlled to a 
level substantially less than sonic velocity, 
excessive erosion and noise may result. It is, 
20 therefore, desirable to dissipate energy from the 
* fluid while gradually reducing the pressure. 

In one arrangement to reduce fluid pressure, a 
plurality of valves is installed in series to reduce 
the pressure in stages. Installation of a plurality of 
25 valves in series is, however, unacceptably. 

expensive for many applications. Several other 
arrangements for reducing fluid pressure and 
noise comprise dividing the fluid stream into a 
-plurality of relatively small streams. These 
30 methods generally involve inserting pressure 
reducing plates in a fluid conduit, installation of a 
plurality of tortuous flow paths to dissipate fluid 
energy, or installation of a combination valve seat 
and diffuser concentric with the valve closure 
35 means. These methods, however, are not always 
successful. Replacement of perforated, pressure 
reducing plates in fluid conduits can be time 
consuming, requiring dismantling of conduit 
sections. In high pressure applications, the use of 
40 tortuous flow paths in the valve to accomplish the 
desired pressure reduction requires the use of 
relatively small perforations, often less than 1/8 
inch in diameter if a single stage is used. 
Moreover, single stage reduction often results in 
45 excessive noise, erosion, valve damage, and 
pluggage of the cage perforations with foreign 
matter present in the fluid. Multi-stage pressure 
reduction in a valve incorporating tortuous flow 
paths results in an enlarged valve body 
50 increasingly susceptible to fouling. Use of a 
combination seat ring and diffuser may require 
the replacement of the diffuser every time the 
seat ring is replaced. Use of such a diffu ser also 
can decrease the capacity of the valve and 
55 requires that the inlet and outlet have the same 
dimensions and pressure rating. 

Use of a conventional valve closure means in a 
low noise valve having a perforate cage may 
result in a step-wise, rather than a uniform, flow 
60 change as entire rows of perforations 

simultaneously are exposed or closed to the 
entering fluid. This is especially noticeable in a 
valve having substantial stem travel, where there 
may be a significant distance between adjacent 
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rows of perforations. 

An aim of the present invention is to provide a 
low noise pressure-reducing valve which is both 
quiet and reliable. With this aim in view, the 
present invention is directed to a valve for 
location in a fluid flow system communicating 
with a fluid conduit, for regulating flow rate and 
reducing noise attendant therewith, comprising a 
valve body having a pair of spaced-apart ports 
and a passage therebetween, a diffuser means 
positioned in one of the ports so that it would 
protrude into a fluid conduit which would be in 
communication with that one of ports when the 
valve is installed for use, the said diffuser means 
being adapted to divide fluid flowing through the 
port and fluid conduit, when the valve is in use, 
into a multiplicity of small streams and thereby 
reduce the noise associated therewith, and a 
valve closure means movably disposed in the 
passage for regulating fluid flow therethrough, 
whereby movement of the said valve closure 
means regulates the flow of fluid from one port to 
the other port through the passage and diffuser 
means. 

Such a low noise valve can be constructed so 
that it is relatively inexpensive to manufacture, 
easily dismantled for repair and maintenance, and 
in which the inlet dimensions and inlet pressure 
rating may differ from those of the outlet 

Furthermore, the valve may have smooth flow 
characteristics throughout its range of operation. 

Conventional, circumferential pressure 
reducing cage means may be incorporated in the 
valve body to provide further pressure reduction. 
Where circumferential cage means are used, the 
valve plug is preferably provided with one of the 
flow control surfaces described herein to 
relatively uniform increase the exposed perforated 
cage area as the plug is raised, thereby producing 
relatively smooth fluid flow characteristics. 

Examples of a valve in accordance with the 
present invention are illustrated in the 
accompanying drawings, in which: — 

Figures 1 and 3 are axial sectional elevational 
views of first and second such examples; 

Figure 2 is a cross-sectional view of the valve 
shown in Figure 1 , along line 2 — 2; 

Figure 4 shows, on a larger scale, a partly 
sectional, partly cut away view of parts of the 
valve shown in Figure 3; 

Figures 5 to 8 show elevational views of 
different forms for a part of the illustrated valves; 

Figures 9 and 10 show respective views of 
portions of the part shown in Figures 5 and 7. 

Referring first to Figures 1 and 2, a valve 1 0 
has a body 1 2 with spaced-apart ports 14 and 1 6 
and a central passage 18 therebetween. The 
centreline of port 1 4 is substantially perpendicular 
to the centreline of port 16. A conventional 
bonnet 1 9 is removably affixed to the valve body 
12 by bolts and nuts 22. Valve closure means 20 
comprises a plug means such as a plug 30 
disposed in the central passage 1 8 for 
reciprocating movement, a stem 40 secured to 
the plug 30 by a bolt 39 passing through a hub 
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38 affixed to the plug 30, and operating means 
50 removably attached to the bonnet 1 9 by bolts 
52 and to the stem 40 by a coupling 54 for 
moving the plug 30 and the stem 40 in a 
5 reciprocating manner. The plug 30 has a central 
neck portion 31 , an upper guide member 34 
above the central portion 31 , and a lower guide 
member 36 below the central section 31 , the 
upper and lower guide members enabling smooth 
1 0 reciprocating movement of the plug 30 in the 
central passage 1 8 r the lower guide member 36 
having a flow control surface 32a on the bottom 
thereof described in more detail hereinafter. The 
plug 30 co-operates with a circumferential valve 
1 5 seat 60 located in the central passage 1 8 to 
provide a fluid-tight seal to fluid flowing through 
the central passage 1 8 between the ports 14 and 
1 6. The plug 30 is shown with drilled holes 37 
extending through the length of the plug 30 and 
20 with a sliding seal 76 disposed on the upper guide 
member 34. The holes 37 equalize the fluid 
pressure acting on the plug 30 from above and 
below, while the sliding seal 76 prevents fluid 
leakage around the plug and through the drilled 
25 holes. The plug 30, with its drilled holes 37 and 
sliding sea! 76, is commonly referred to as a 
balanced or semi-balanced plug. This type of plug 
requires less plug actuating force than an 
unbalanced plug, although an unbalanced plug 
30 could be used. A fluid conduit 24, shown in 
broken lines, is illustrated welded to the valve 
body 1 2, while a flange 28 on a fluid conduit 26, 
also shown in broken lines, is removably attached 
to an outlet flange 27 of the valve body 1 2 by 
35 bolts (not shown). However, other conventional 
means may be utilized for connecting the fluid 
conduits 24 and 26 to the valve body 1 2. A cage 
means, such as a circumferential cage 70 having 
a multiplicity of perforations 72 therein, is 
40 disposed in the central passage 1 8 in concentric, 
surrounding relationship to the plug 30. Sealing 
means, such as a spirally wound gasket 74, may 
be disposed between the cage 70 and the bonnet 
1 9 to prevent fluid leakage between the cage and 
45 the bonnet. A diffuser means, such as a diffuser 
80, is disposed in the port 1 6 and protrudes into 
the fluid conduit 26. The diffuser 80 comprises a 
flange 82, a cylindrical section 84 extending from 
th flange 82, and a hemispherical cap 86 
50 extending from the cylindrical section 84, the 
cylindrical section and cap being formed with a 
multiplicity of orifices 88 through them. A seal 
92, located between the flange 82 and the seat 
60, and a seal 94, located between that flange 
55 and the valve body 1 2, prevent fluid leakage 
around the flange. While diffuser 80 is shown 
having a cylindrical section 84 and a 
hemispherical cap 86, the overall shape of the 
diffuser is not critical to the utility of the valve. 
60 Similarly, the design of the operating means 50 is 
not critical. 

Figures 3 and 4 disclose an example of a valve 
in accordance with the present invention which is 
similar to that shown in Figures 1 and 2, but 
65 which has a pair of cages and a pair of diffusers. 


Elements corresponding to those shown in 
Figures 1 and 2 have corresponding reference 
numerals. In this example, a cage 175 having 
perforations 178 through it is nested within a 
70 cage 1 70, which has perforations 173 through it, 
both cages being disposed in the central passage 
1 8 surrounding the plug 30. A diffuser 1 80, 
comprising a cylindrical section 181 and a 
hemispherical cap 1 82 attached to the cylindrical 
7 5 section, both having orifices 1 83 through them, 
and a diffuser 1 85, comprising a cylindrical 
section 1 86 and a hemispherical cap 187 
attached to the cylindrical section, both having 
orifices 1 88 through them, are retained in nested, 
80 spaced-apart relationship in port 1 6 by a bolt 1 90 
and a spacer 1 89. Additional cage means or 
diffuser means could be added as dictated by the 
specific pressure reduction requirements of each 
system. It should be noted that in both of the 
85 examples described herein, the cages, diffusers, 
plugs and seats are all removable from valve body 
1 2 once the bonnet 1 9 has been removed, 
without disconnecting the valve body 1 2 from the 
fluid conduits 24 and 26. 
80 Figures 5 to 8 illustrate four different forms of a 
plug which may be used in the illustrated valves 
to successively expose different perforations, for 
example perforations 72 within a row 73 of the 
cage 70 in the valve of Figure 1 , to the entering 
95 fluid as the plug is moved away from the 

associated valve seat. All four of these plug forms 
operate in a substantially similar manner, the 
differences lying in the design of the flow control 
surface 32 located on the bottom of the lower 
100 guide member 36. Similar elements in the plugs 
have similar reference numerals, while the plugs 
themselves and their flow control surfaces 32 are 
distinguished one from another in Figures 5 to 8 
by a suffix to the numeral. While the plugs shown 
1 05 in Figures 5 to 8 are formed with drilled holes 37 
and sliding seals 76 to reduce the required plug 
actuating force, unbalanced plugs having flow 
control surfaces similar to those of Figures 5 to 8 
could also be used in either one of the valves 
110 illustrated in Figures 1 to 4. In Figure 5, plug 30a 
is shown with a flow control surface 32a formed 
by a planar section 33a having a recess 35a 
therein designed to gradually expose perforations, 
for example perforations 72 within one or more of 
115 the rows 73 in the cage 70 of the valve of Figure 
1 , when the plug is elevated. This is shown in 
more detail in Figure 9. The plug shown in Figure 
5 is the one illustrated in Figures 1 and 3. Plug 
30b, illustrated in Figure 6, is generally similar to 
1 20 the plug 30e shown in Figure 5, having surfaces 
32b comprising planar section 33b with a 
plurality of recesses 35b therein. Figure 7 
illustrates a plug 30c having a slanting surface 
32c which gradually exposes to fluid flow a series 
1 25 of perforations as the plug is raised, as shown in 
Figure 10. Plug 30d, shown in Figure 8, is similar 
to the embodiment of Figure 1 1 but has a pair of 
slanting surfaces slanting upwardly from locations 
32c/ and 32cf , corresponding points on these 
1 30 surfaces being disposed 1 80 degrees apart. 
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Figure 9 illustrates the manner in which plug 
30a of Figure 5 operates to gradually expose 
perforations in'one or more rows 73 of a cage 70 
to fluid flow, rather than exposing all perforations 
5 in a given row simultaneously. This results in 
substantially uniform changes in fluid flow rates 
through the valve as the plug 30a is moved up or 
down. 

Figure 1 0 similarly illustrates the co-operation 
1 0: of the plug 30c with perforations 72 of a cage 70. 
Hero, too, it can be seen that the perforations 72 
within each row 73 are gradually exposed to 
entering fluid as plug 30c is elevated, resulting in 
substantially smooth valve operating 
1 5 characteristics. The plugs illustrated in Figures 6 
and 8 operate in a substantially similar manner to 
those of Figures 5 and 7. 

The valve plugs shown in Figures 5 to 8 could 
be used in prior-art low noise valves having one or 
20 more cages like cage 70 in Figure 1 surrounding 
the valve plug. 

Referring again to Figures 1 and 2, when the 
valve plug 30 is elevated by operating means 50, 
fluid flows through the fluid conduit 24 in the 
25 direction shown by the arrow and enters the 
central passage 1 8 by way of the port 14. The 
fluid then passes through the perforations 72 in 
the cage 70 towards port 1 6, and thence through 
the orifices 88 in the diffuser 80 into the fluid 
30 conduit 26. The division of the fluid into a 

multiplicity of small streams by the perforations 
72 in the cage 70 and the orifices 88 in the 

diffuser 80 is effective in dissipating the energy. 

attendant with pressure reduction, resulting in a 
35 relatively quiet, pressure reducing valve. 

Conversely, as the plug 30 is moved closer to the 
seat 60 in the valve body 1 2, fewer perforations 
72 are open for fluid flow thereby decreasing the 
flow rate. When any of the plugs illustrated in 
40 Figures 5 to 8 are used in a valve as illustrated in 
Figures 1 and 2, flow through each row 73 of 
perforations 72 is gradually reduced before each 
row is completely closed, resulting in substantially 
smooth valve flow characteristics. Conventional 
45 plugs, however, could be used in a valve 
otherwise as illustrated in Figures 1 and 2. 

In laboratory tests a valve substantially similar 
to that shown in Figures 1 and 2 having an 8 inch 
(20.3 centimetre) 900 lb. (408.6 kilogram) rated 
50 inlet and a 30 inch (76.2 centimetre) 1 50 lb. 
(68.1 kilogram) outlet was used to reduce a 
steam flow rate of approximately 600,000 lb,/hr. 
(262,400 kilogram/hour) from 1 050 psia (73.82 
kilogram/centimetre 2 ) to 1 4.7 psia (1 .033 
55 kilogram/centimetre 2 ). The pressure drop taken 
across the cage 70 was approximately 560 lb. 
(254.2 kilograms), while the pressure drop taken 
across the diffuser 80 was about 47 5 lb. (2 1 5.7 
kilograms). The noise level reduction was 
60 calculated to be approximately 20 dBA from that 
which would have been experienced using a 
conventional single stage pressure reducing valve 
with conventional trim. 

Referring again to Figures 3 and 4, when the 
65 plug 30 of the valve 1 0 is elevated away from its 
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seat 60 by the stem 40 communicating with the 
operating means 50, fluid passes from the fluid 4 
conduit 24 by way of the port 1 4 into the central 
passage 1 8 when fluid flow is in the direction 
shown by the arrow. The fluid then passes 
through the perforations 1 73 in the cage 1 70 and 
the perforations 178 in the cage 175 towards the 
port 16. The fluid next flows through the orifices 
183 of the diffuser 1 80 and the orifices 1 88 of 
the diffuser 1 85 out into the fluid conduit 26. 
High pressure and noise reduction is achieved by 
forcing the fluid to change direction repeatedly, 
thereby dissipating additional fluid energy. This 
can be achieved in this example by offsetting the 
perforations 1 73 in the cage 1 70 from the 
perforations 178 in the cage 175, and by 
offsetting the orifices 1 83 in the diffuser 1 80 
from the orifices 1 88 in the diffuser 1 85. In most 
situations in which the valve could be used, the 
pressure should be reduced by about 50% or less 
across each diffuser or cage to keep the fluid 
velocity subsonic. 

In both valve examples illustrated, the inlet port 
could be designed to be of a smaller diameter 
than the outlet port, white the outlet port could be 
designed for a lower pressure rating than the inlet 
if suitable provisions are made to prevent 
pressure build-up in the outlet port, such as by 
installing a pressure relief valve in the outlet fluid 
conduit. 
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Claims 

1 . A valve for location in a fluid flow system 
communicating with a fluid conduit, for regulating 
flow rate and reducing noise attendant therewith, 
comprising a valve body having a pair of spaced- 
apart ports and a passage therebetween, a 
diffuser means positioned in one of the ports so 
that it would protrude into a fluid conduit which 
would be in communication with that one of the 
ports when the valve is installed for use, the said 
diffuser means being adapted to divide fluid 
flowing through the port and fluid conduit, when 
the valve is in use, into a multiplicity of small 
streams and thereby reduce the noise associated 
therewith, and a valve closure means movably 
disposed in the passage for regulating fluid flow 
therethrough, whereby movement of the said 
valve closure means regulates the flow of fluid 
from one port to the other port through the 
passage and diffuser means. 

2. A valve according to claim 1 , further 
comprising a circumferential cage positioned in 
the passage and haying a multiplicity of 
perforations through it, whereby fluid passing 
through the perforations on its way from one port 
to the other port, when the valve is in use, is 
divided into a multiplicity of small streams to 
thereby further reduce the noise attendant with 
the fluid flow. 

3. A valve according to claim 2, wherein the 
said valve closure means includes a valve seat; 
disposed in the passage and a plug means 
disposed for reciprocating movement in the 
passage and adapted to engage the said valve 
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seat, the said plug means having a flow control 
surface thereon for gradually exposing the 
perforations in the said circumferential cage to 
fluid flow, whereby movement of the said plug 
5 means away from said valve seat when the valve 
is in use gradually increases fluid flow from one 
port to the other port through the perforations in 
the said circumferential cage. 

4. A valve according to claim 3, wherein the 
1 0 perforations in the said circumferential cage are 
arranged in rows, and wherein the said flow 
♦ control surface co-operates with the said 
circumferential cage to successively expose 
different perforations within a row to fluid flow 
1 5 through the passage as the said plug means is 
moved away from the said valve seat. 

5. A valve according to claim 4, wherein the 
said flow control surface comprises a planar 
section having a recess in it. 

20 6. A valve according to claim 4, wherein the 
said flow control surface is slanted in relation to 
the said rows. 

7. A valve according to any preceding claim, 
wherein the said diffuser means comprises a 
25 flange positioned in the said passage adjacent to 
the said one of the ports, a cylindrical section 
extending from the said flange, so as to protrude 
into a fluid conduit communicating with that one 
of the ports when the valve is in use, and a 
30 hemispherical cap extending from the said 

cylindrical section, the said cylindrical section and 
the said hemispherical cap being formed with a 
multiplicity of orifices through them, whereby 
fluid flowing through the passage from one port 
35 to the other port when the valve is in use is 

divided into a multiplicity of small streams by the 
orifices to thereby reduce the noise attendant 
with the fluid flow. 

8. A valve according to claim 7, wherein the 
40 said diffuser means comprises a plurality of 
d'rffusers disposed in nested relationship, the 
orifices in each diffuser being offset relative to the 
orifices in the other diffuser, whereby fluid flowing 
through the passage from one port to the other 
45 port when the valve is in use must change 


direction to pass from one diffuser through the 
other diffuser. 

9. A valve substantially as described herein 
with reference to Figures 1 and 2, r to Figures 3 
50 and 4, or to Figures 1 and 2 modified in 

accordance with any one of Figures 6 to 8, or to 
Figures 3 and 4 modified in accordance with any 
one of Figures 6 to 8, of the accompanying 
drawings. 

55 1 0. A low noise valve exhibiting substantially 
uniform fluid flow characteristics, for location in a 
fluid flow system communicating wfth a fluid 
conduit, comprising a valve body having a pair of 
spaced-apart ports and a passage therebetween, 

60 a valve seat disposed in the passage, a plug 
means disposed for reciprocating movement in 
the passage and for co-operative engagement 
with the said valve seat to regulate fluid flow 
through the passage, and a circumferential cage 

65 having a multiplicity of perforations through it 
arranged in rows to divide the fluid flow into a 
multiplicity of small streams and thereby reduce 
the noise attendant with fluid flow, and a flow 
control surface of the plug means co-operates 

70 with the circumferential cage whereby movement 
of the said plug means away from the said valve 
seat operates to successively expose different 
perforations within a row to fluid flow through the 
passage. 

75 1 1. A valve according to claim 10, wherein the 
said flow control surface is slanted in relation to 
the said rows. 

1 2. A valve according to claim 1 0, wherein the 
said flow control surface comprises a planar 

80 section having a recess in it. 

1 3. A valve according to any one of claims 1 0 
to 12, further comprising a diffuser means 
positioned in one of the ports so that it would 
protrude into a fluid conduit which would be in 

85 communication with that one of the ports when 
the valve is installed for use, said diffuser means 
being adapted to divide the fluid flowing through 
the port and fluid conduit, when the valve is in 
use, into a multiplicity of small streams thereby 

90 further reducing the noise associated with the 
fluid flow. 
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